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A NEW DESIGN OF TUNGSTEN-GRAFHTTE THERMOCOUPLE

P. A. Shohukin

L. V. Pegushina
Inatitute of Metallurgy
Academy of Sciences USSR

In Lany inatances, it is convenivnt to use a tungsten-grephite ‘
thermocouple for messuring high temperaturee. With a tungsten-graphite
thermocouple, the temperature can bas vatied up to 2,000 degrees. 1Iv is
comparetively cheap and gives sufficiently accurate readings. Ite main
drcwback ie that tungsten is very zruvms tc oxidation at kigh temperatures,
for which reason it is necessary to portect 1t with an especially impen-
otradble mounting and piace it in a meutral medium. This clrcumstence

15 evidently the mein cause of its limited use.

At tho same time it 1s possible, given good design, fcr the
tungsten-graphite thsrmocouple to £ind wide applicatdor wder poduction
and laboratory corditinns. One should point out the existing design of
tungsten-graphite thermocouple suggested by collaborators of Ascdemician
M. A. Pavlov, and successfully used by them for short-time dotonin.tions
of temperature in the mining blast furnaceas of the Magnitogorsk
Zoporozhe plente. (I. Z. Kozlovick, Q@W lo 9, 1936).
For thess measursmenta, the thomocouple no pro ive case ard was
85111 ocapable o7 measuring the terperature the whole way from the
poriphery to the ~x%u of the dlast furnace.

"Bea.ver, the design of tungsten-graphite thermocoupls vaed in dlast

furnosee 13 unsuitadle for laboratory comditfons in view of 1is uwmrield-

inegu. A Vrief description of a new design of tungsten-graphite thexmo-
couple i3 given brlw,
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.The  thermcceuple consiats of. &« hollow. graphite rod-.~ A tuigsten wire. :
spiral is located 5 millimeters from the end of thig rod. To awoid
oxidation of the tungsten, the apirel is sealed with a high-melting
material, consisting of finely grourd magnesite aized with ref¥actory
clay in the ratio of 4 to 1. The epiral is in closs contact with the
graphite rod. A protective tube 1 inserted in the rod, and the fres
end of the tungsten wire is led out through it.

This combinatim of working parts permits thermocouples being
mede from very thin graphite tubes and various thicknessess of tungsten
i) wire. Moreover, it very much simplifies mounting end the avoidance of
O damage. In view of the considerable .rittleness of graphite, we recommend
ordering thin tubes from the eppropriate factories, or making them from
35 ] electrodes with a central corse. The core is made of a material softer
e than graphite, and so & hols up to 400 millimeters long can easily be
! mede by hand with e twiet or pointed drill. When the opening has been
made, the graphite tube 1s machined on an ordinary lathe. For thie
purpose it is held in the lathe with a compressible bronze chuck sleevs
and brought to the required dismster by plein turning. To avoid fractures,
the tube should be muchined in separate stages 25 - 30 millimeters long.
With an initial thfekness of 10 - 12 millimsters, the cut showld not
exceed 0.3 millimeoters. Bxperience haa shown thsat a grephite tube with
an external diameter of 8 millimeters exd &' 2- to k-millimeter diameter
“ hole can easily be manufactured by this method.

After calibration, the tungsten-graphite thermocouple was tested by
using it to measure temperature in a layer of hot coke subjected to
forced draught.

' To uvoid oxidation of the tungsten and eafeguard the thexrmocouple

v from mechanical damage due to the coke, it was protected by quartz

o casings O millimeters iu internal dimaster and 2 millimsters thick. The
gaps between the casing and the graphite tube, and between the insert
and the tungsten wire were filled up with p.:.astelina During the
experiments in burning solid fuel in en anlurged laboratory 1nst¢ula..10n,
the temperaturs wes measured with five Ttw.geten-grapaite thermocouples
aizultaneously.

Fumerous experiments showed that a thermoconuple of thie deaign can
withstand temperature of 1,200 - 1,700 degrees for many hours without
damage. We did not obssrva a single case of dawage to the thermocouple

’ vhick was not preceded by failure of the quartz cesing: On this hasis,

% we consider that, given casings and inserts which are gas tight and have
- a higher melting point then quartz, amd a leus fusible material for sealing
R the contact spirsl, the proposed design of thermocouple will be able to

make prolonged temperature measurements up to 2,000 degroes.

' We therefore recommend that tests of our design cf tungsten-graphite
thermocouple should be performed under other laboratory conditions for
meesuring high tamperatures.
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